Aim: The aim of the present study is to access the effect of olive oil supplementation against high fat diet induced fatty liver disease in mice. Methods: Mice were divided into five groups: Group I (normal diet), Group II (high fat diet), Group III (olive oil), Group IV and V (High Fat Diet along with olive oil). All mice were fed for 16 weeks with weight measurements every 2 weeks and then sacrificed. Biochemical analysis of blood samples was done and mice livers were histologically examined. Results: Group II mice showed significant increase in body weight as compared with Group I (p < 0.05). Group IV and V mice were significantly (p < 0.05) reduced in body weight as compared with Group II. Olive oil groups had significantly decreased triglyceride and low density lipoprotein levels as compared with Group II whereas high density lipoprotein levels were significantly increased (p < 0.05). The liver enzymes were significantly increased in Group II as compared with other groups (p < 0.05). Liver histopathology revealed drastically increased lipid droplets in Group II mice as compared with Group IV & V. Conclusion: Olive oil causes weight reduction, decreases the serum triglycerides, normalizes the liver enzymes and significantly reduces the accumulation of fat in liver. Therefore, olive oil may represent a potential therapeutic alternative for NAFLD and other fatty diseases.
Introduction
Liver is the most complex and largest internal organ in the human body. It plays a core role in the maintenance of systemic lipid homeostasis through its multiple and diverse functions [1] . It regulates the internal environment through its vital functions such as metabolism, storage and secretion [2] . Among the common metabolic disorders in the world, non-alcoholic fatty liver disease (NAFLD) is considered as the most prominent one and it accounts for 70% -90% of cases occurring as a complication of type 2 diabetes, obesity and other metabolic related disorders [3] . NAFLD is characterized by triacylglycerol accumulation inside liver cells from periphery adipose depots due to several risk factors such as current urbanization and lifestyle changes (like high-fat rich diet), diabetes and high genetic tendency [4] . In NAFLD, fatty acid mobilization is increased from peripheral adipose tissue and liver decreases the utilization of fatty acids and increases its synthesis in the hepatocytes. Also there is decreased fat secretion from the liver and increased esterification of fat resulting in accumulation of net fat in the liver cells [5] [6] . The progression of this condition leads to more severe non-alcoholic steatohepatitis (NASH) of liver, cirrhosis of liver and liver fibrosis [3] . Furthermore, insulin resistance coupled with oxidative stress results in NAFLD [7] [8] in the absence of significant consumption of alcohol [4] . Initially NAFLD begins as simple liver steatosis but later on can progress to steatohepatitis and cause further liver damage increasing morbidity and mortality [9] . In metabolic disorders, NAFLD is not an innocent bystander. It is an important self-governing risk factor for the cardiovascular disorders (CVD) development [10] . Previous studies reported that, in NAFLD, the secretion of the several atherogenic factors was increased such as cytokines and bad lipoproteins. Hence, fatty liver is considered as an important risk factor for CVD and accounts for increased serum triglycerides, low-density lipoproteins (LDL) and decreased high-density lipoproteins (HDL) [11] .
Mediterranean diet is associated with the lower risk of metabolic disorders such as obesity and coronary heart disease [12] . The main ingredient in this diet is olive oil (Olea europaea) which contains oleic acid as a potential fat source with moderate degrees of other fatty acids [13] [14] . Furthermore, it has gained attention by most of the researchers and practitioners as an alternative therapy for some metaflammations rather than recognized as nutritional food only [15] . Olive oil has been commercialized as a food supplement which can be consumed in the form of syrup and capsules. Earlier studies reported the potential therapeutic effects of olive oil such as antioxidant properties, hypotensive, hypoglycemic, cardiovascular, hepatoprotective and anti-asthmatic effects [16] - [21] . Some studies on mammals have shown that, olive oil has positive effects on regulation of cholesterol and oxidation of bad cholesterol (i.e., LDL). Olive oil is rich in monounsaturated fatty acids (MUFA) in the form of oleic acid which accounts for 70% -80% of total fatty acids [22] . Gimeno E. et al., 2010 [23] reported that daily consumption of virgin olive oil about 2 tablespoons for 1 week helps in the lowering of LDL cholesterol oxidation and increases the antioxidant compounds in the blood. It has also been reported that olive oil maintained the plasma lipid pool by regulating the lipid peroxidation and antioxidant parameters [24] . Several studies in vitro suggest that, lipoxygenases, platelet aggregation and eicosanoid production were inhibited by olive oil phenolic compounds [25] [26] .
Earlier studies on olive oil showed various beneficial effects on human health, but there was no scientific evidence focusing on the protective effect of olive oil in NAFLD which occurs as a consequence of several metabolic disorders in the present urbanized life styles. The aim of the present study is to access the effect of olive oil (Olea europaea) supplementation against high fat diet induced fatty liver disease in mice.
Materials and Methods

Chemicals
All the chemicals and reagents used in this experiment were research analytical grade from sigma USA. All assay kits were purchased from Biovision, USA. Extra virgin olive oil was purchased from the local market, Sakaka, Aljouf, K.S.A.
Animal Diet
Basal diet was purchased from Grain Silos & Flour Mills Organization, Riyadh, Saudi Arabia. It contained the ingredients of 4% fat; 20% crude protein; 43.5% crude fiber; 0.5% salt, 1% calcium, 0.6% phosphorous, 6% ash, 20 IU/g vitamin A, 20 IU/kg vitamin E 20 IU/g vitamin D, and trace amounts of copper, iron, cobalt, iodine, manganese, zinc and selenium. High-fat diet (HFD) in which 42% of the energy is derived from fat, was prepared by the addition of 1.5% cholesterol (Sigma Aldrich, USA) and 8% coconut oil to the basal diet [27] . The HFD was prepared every 2 days and stored at 4˚C.
Assay Kits
Kits for detecting total cholesterol (TC), triglycerides (TG), low density lipoprotein (LDL), high density lipoprotein (HDL), alkaline phosphatase (ALP), alanine aminotransferase (ALT), and alkaline phosphatase (AST) were purchased from Biovision, USA.
Acute Toxicity
The method described by Lorke [28] with slight modification was used to determine the safety of the extra virgin olive oil dose for mice. Briefly, normal healthy mice were divided into groups of five mice in each cage. Olive oil doses of 0.5, 1, 1.3, 1.5 and 1.7 ml/kg b.w. were orally administered to animals 10 in number. Free Access to food and water was provided. Toxic symptoms and the general behavior of mice were observed continuously for 1 h after the treatment, intermittently for 4 h and thereafter over a period of 24 h. The mice were further observed for up to 14 days following treatment for any signs of toxicity and mortality.
Animals and Experimental Design
Adult Swiss albino mice of either sex (20 -25 g) were obtained from animal house, College of Medicine, Aljouf University. All protocols were approved by the college ethical committee, Aljouf University. All mice were fed ad libitum with standard laboratory pellet diet and free access to tap water. The experimental mice were maintained under a constant 12 hour light and dark cycle at room temperature. Animals were acclimatized to the new environment for 3 days before the study. After that, the animals were divided into five groups each group 10 in number. Control group (Group I) animals were fed with a normal diet (ND) and High Fat Group (HFD group) was fed with high fat diet (HFD). Group III mice received olive oil (1.3 ml/kg b.w. orally) alone (olive control group/Positive group). Group IV and V received HFD along with olive oil in doses of 1.3 ml/kg b.w. and 1.7 ml/kg b.w. orally respectively. All mice were fed for 16 weeks. Every two weeks, animal body weights were measured. At the end of the experimental period mice were overnight fasted for 12 hours and it was followed by diethyl ether anesthetization. All the animals were sacrificed by cervical decapitation. Blood samples were collected and stored at −70˚C until biochemical analysis. Mice Liver were removed and subjected to histological examination by heamatoxylin and eosin (H&E) staining.
Biochemical Analysis
Measurements of Lipid Profiles
Among lipid profiles parameters, concentration of total cholesterol (TC), triglycerides (TG), low density lipoprotein (LDL), high density lipoprotein (HDL) were measured by enzymatic colorimetric methods using commercial assay kits as per manufacture instruction by using Chemwell Semi Biochemistry Analyzer (USA).
Biochemical Serum Enzyme Estimations
Among serum enzyme profile, alkaline phosphatase (ALP), alanine aminotransferase (ALT), and aspartate aminotransferase (AST) were estimated according to the reported methods using assay kits by Chemwell Semi Biochemistry Analyzer (USA).
Histological Examination of Liver
Liver tissues were immediately fixed in 10% formalin buffer after removal from the animals to avoid decomposition. The tissue samples were embedded in paraffin wax after alcohol dehydration process. By using microtome, 5 μm sections of liver tissue were taken and were stained by hematoxylin and eosin stain. All histological slides were analyzed by Leica micro imaging systems DMD 4000, USA.
Image Analysis
The quantification of lipid droplets in the liver sections was measured by the Image J software (NIH, Bethesda, MD, USA), which utilizes the color and shape of the images to determine the percentage of lipid droplets in the whole field.
Statistical Analysis
All assay parameters in this study were run in triplicate. Data are expressed as means ± SD. One-way analysis of variance (ANOVA) was applied by using SPSS, Statistical Package for Social Science (IBM, SPSS Ver. 17.0, SPSS Company, London, UK) for the statistical significance with post-hoc test. P < 0.05 was considered as statistically significant.
Results
Body Weight Measurement
Body weight was measured every couple of weeks ( Table 1) . It was observed that, HFD group animals exhibit a significant increase in body weight as compared to the control group micefed with normal diet (p < 0.05). Our results revealed that, Group IV and V mice showed significant (p < 0.05) reduction in body weight as compared to HFD group ( Table 1) . No statistical significance was found between Group IV and V animals as well as control and olive oil control groups mice body weights (Figure 1) . 
Serum Lipid Parameters
Olive oil treated groups (Group IV-V) produced significant decrease in the serum triglycerides levels (129.61 ± 5.50 and 127.93 ± 8.98 mg/dl) as compared to the mice fed with HFD diet group (186.51 ± 5.51 mg/dl) ( Figure  2(a) ). Interestingly, group V mice have more significant decrease in the serum cholesterol level (116.40 ± 5.71 mg/dl) than Group IV animals (121.79 ± 6.48 mg/dl) as compared to the HFD group (190.25 ± 5.13 mg/dl) (Figure 2(b) ). The LDL levels were significantly decreased in the Group IV and V mice as compared to HFD group animals (Figure 2(c) ) (p < 0.05), whereas the levels of HDL were significantly (p < 0.05) increased (Figure 2(d) ). There was no statistically significant difference observed between control group and olive oil group animals in all lipid parameters (Figures 2(a)-(d) ).
Serum Enzyme Determination
The serum levels of AST were significantly increased in HFD Group as compared to other groups (p > 0.05) (Figure 3(a) ). Group IV & V mice showed drastically decreased serum ALT levels as compared to HFD group mice (Figure 3(b) ). The levels of ALP in Group V & IV were significantly decreased as compared to HFD group animals (Figure 3(c) ). The serum enzyme parameters in olive control group and control groups revealed no statistical difference whereas both groups showed statistically significant difference as compared to HFD group animals (Figures 3(a)-(c) ). 
Liver Histology and Quantification
The liver histology analysis revealed that, the accumulation of lipid droplets was drastically increased in HF group animals as compared to olive oil treated mice (Group IV & V) (Figures 4(a)-(e) ). Results showed that there was no remarkable difference between Group IV and V animals in liver histological sections. Quantification of lipid droplets by Image J analysis indicated that the percentage of lipid accumulation was significantly increased in HFD Group animals as compared to control group. Alternatively, there was a significant decrease in hepatic lipid droplets in group IV and V animals as compared to High fat diet (HFD) fed animal group.
Discussion
In developed countries, urbanization and life style modifications lead to the occurrence of Non alcoholic fatty liver disease (NAFLD). NAFLD also occurs as a complication of metabolic syndrome (obesity, hyperglycemia, dyslipidemia, hypertension) [29] which is more common in developed countries. NAFLD accounts for one of the most common causes of chronic liver injury in many developing countries and has gained attention of many researchers as well as medical practitioners as important public health related issue [6] [30] . NAFLD consist of a wide range of disorders which range from simple steatosis to inflammatory steato hepatitis [31] [32] . Currently the most appropriate and clinically validated methods to minimize and control the progression of this disease are acquisition of healthy life styles and proper food habits [33] . Nowadays, different types of therapeutic methods are being used in the treatment of NAFLD and its related disorders. Despite the current therapeutic develop- ments more attention has been shifted towards plant origin therapy as a possible means of alleviating the NAFLD and its associated symptoms [33] [34], which are easily available, cost effective, convenient and have limited side effects as compared to the synthetic drugs [35] [36]. This study explored the different doses of olive oil ameliorating effect in minimizing the progression of NAFLD in animals fed with high-fat diet for 16 weeks.
Wight loss is a recommended effective treatment of NAFLD [37] . The present study revealed that High-fat diet fed animals treated with olive oil showed significant decrease in the body weights as compared to the highfat diet alone fed animal group (Figure 1) . These results are comparable with previous studies which stated that high-fat diet can increase body weight in mice model [37] [38] . In fact the olive oil control group doesn't show any significant weight gain, it is supported by the previous studies that showed that olive oil consumption leads to reduction of weight gain mainly due to MUFA [39] .
These results are in agreement with the previous studies in different animal models fed with high-fat diet and olive oil [42] - [44] . Systemic Lipid homeostasis is mainly regulated by liver which manages the redistribution, storage and utilization of triacylglycerol lipoprotein for the peripheral tissues [45] . The level of serum HDL cholesterol showed significant increase in olive treated group animals compared to control and HFD group; in contrast, there is no significant difference between control and HFD group mice. This result contradicted with Manal L. Louka et al., 2012 [46] , but conceded with Paoli et al., 2011 [44] results. This controversy may be due to differences in the duration of experimental period.
Serum AST, ALT and ALP are the enzyme biomarkers to monitor the liver structural integrity and damage and aids in the clinical diagnosis of NAFLD and other liver toxicity conditions [47] [48] . Generally high-fat diet increases these enzymes through the induction of oxidative stress in the liver [48] . Our study results showed that HFD group animals had significantly increased levels of AST, ALT, and ALP as compared to control group (Figures 3(a)-(c) ), whereas, olive oil treated mice showed significantly (p < 0.05) decreased levels of these serum liver enzyme biomarkers as compared to HFD group. This result proved that excessive fat supplementation can show deleterious toxic effect on the liver by the production of free radicals and ROS (reactive oxygen species) [45] [48] which is minimized in Group IV and V mice treated with olive oil. Generally in human population the elevated levels of serum ALT has been suggested as a fatty liver disease [49] and our study results proved that, supplementation of olive oil can decrease the serum ALT levels and protect the liver form toxic effect but it need further scientific trails in human population.
Histological study showed that, HFD group animals has increased number of lipid droplets in the liver section as compared to olive oil treated groups (Figures 4(a)-(e) ). This suggested that olive oil may target energy homeostasis mechanism particularly in the liver and reduced the hepatic lipid droplet accumulation. The results from the liver section quantification revealed that the accumulation of fat percentage was increased in HFD group mice indicating severe steatosis in the liver cells as compared to olive oil treated animals (Figure 4(f) ). Current biochemical analysis results are also in agreement with the histological study which shows that olive oil supplementation can minimize the liver toxicity and control the progression of NAFLD. This result is in agreement with the study done by Al-Rawi M. and Ali A. which showed the hepatoprotective activity of olive oil in rat fed with high-fat diet [50] .
Conclusion
Supplementation of olive oil decreases the serum triglycerides, normalizes the liver enzyme biomarkers and significantly reduces the fat droplet accumulation in liver by suppressing the inflammation and restoring the abnormal lipid metabolisms in experimental animals. NAFLD is mainly controlled by reducing the weight gain and the study results showed that olive oil causes weight reduction hence it is indirectly related to control the NAFLD but the underlying mechanisms remain to be identified. Thus, it is suggested that olive oil may represent a potential ameliorating therapeutic alternative for targeting NAFLD and other fatty diseases associated with chronic health problems resulting from modern life styles and eating habits. However, further studies are still required to find out the exact mechanism behind potential effect.
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